In this article, the theoretical and mathematical study of peristaltic transport of a Jeffrey fluid in a rectangular duct with compliant walls is discussed. The constitutive equations are simplified under the implementation of low Reynolds number and long wavelength approximations. The analytical solution of the resulting equations is evaluated by Eigen function expansion method. The graphical aspects of all the parameters of interest are also analyzed. The graphs of velocity for two and three dimensional flow are plotted. The trapping bolus phenomenon is also discussed though streamlines.
The study of peristaltic flows is quite useful in physiology and industry because of its large number of applications and in mathematics due to its complicated geometries and solutions of nonlinear equations. In physiology, it is used by many systems in the living body to propel or to mix the contents of a tube. The peristaltic mechanism usually occurs in urine transport from the kidney to the bladder, swallowing food through the esophagus, chyme motion in the gastrointestinal tracts, vasomotion of small blood vessels, movement of Spermatozoa and the human reproductive tract. Theoretically and mathematically, the complete exact solutions of peristaltic flow problems are quite difficult to determine even in viscous fluid theory. However, after using certain physical simplifications such as long wavelength and low Reynolds number approximations, the authors successfully calculate only limited exact and analytical solutions. Some interesting studies are given in the references [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . The study of peristaltic flows of Newtonian and non-Newtonian fluids in two-dimensional symmetric and asymmetric channels is also very useful in a number of applications, specially the study of inter-uterine fluid flow in a nonpregnant uterus [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Recently, Reddy et al. [22] have given the idea that the sagittal cross-section of the uterus may be better approximated by a tube of rectangular cross section than a two dimensional channel and presented the influence of lateral walls on peristaltic flow in a rectangular duct. More recently, this idea has been extended by Nadeem and Akram [23] for nonNewtonian fluids. More studies on the peristaltic flow in three-dimensional rectangular channel are cited in the references [24] [25] . A large number of analytical and numerical studies on the peristaltic flow of Newtonian and non-Newtonian fluids in different flow geometries are discussed by Tripathi [26] [27] [28] [29] [30] [31] [32] [33] . However, the peristaltic flows of three dimensional non-Newtonian fluids in a rectangular duct having compliant walls have to the best of our knowledge not been explored. The aim of the present work is to discuss the peristaltic flow of a Jeffrey fluid in a rectangular duct with compliant walls. The governing equations of a Jeffrey fluid for three dimensional flows are simplified under the assumptions of long wavelength and low Reynolds number approximation. The exact solutions of the reduced equations having the compliant wall properties are found with the help of the Eigen function expansion method. The physical features of the pertinent parameters are measured with the help of graphs. The circulating bolus scheme is also described with the help of streamlines graphs.
MATHEMATICAL FORMULATION
Consider the peristaltic flow of an incompressible non-Newtonian Jeffrey fluid in a cross section of rectangular channel having the width 2d and height 2a. In the present geometry, the Cartesian coordinate system is taken in such a way that the x-axis is taken along the axial direction, the y-axis is taken along the lateral direction and the z-axis is along the vertical direction of rectangular channel (Figure 1 ). The walls of the channel are assumed to be flexible and are taken as compliant, on which waves with small amplitude and long wave length are considered. The geometry of the channel wall is given by:
where b is the amplitude of the wave, λ is the wavelength, c is the velocity of propagation, t is the time and x is the direction of wave propagation. The walls parallel to the xz-plane remain undisturbed and do not measure any peristaltic wave motion. We assume that the lateral velocity is zero as there is no change in lateral direction of the duct cross section. Let (u,0,w) be the velocity for a rectangular duct. The stress tensor for the Jeffrey model is defined by [31] [32] [33] [34] :
In the above equation, λ 1 is the ratio of relaxation to retardation times, λ 2 is the delay time, γ is shear stress and double dots denote the differentiation with respect to time. Under the assumption of long wave length and low Reynolds number, the governing equations in non-dimensional form for the considered flow problem are stated as [23] :
Here β = a/d is the aspect ratio. The corresponding non-dimensional boundary conditions for compliant walls are stated as:
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where η(x,t) = ϕcos2π(x-t), ϕ = b/a (amplitude ratio) and 0≤ ϕ ≤1. The governing equation for the flexible wall may be specified as:
where L is an operator, which is used to represent the motion of stretched membrane with viscosity damping forces such that [22] :
In the above equation, m is the mass per unit area, D is the coefficient of the viscous damping membrane, B is the flexural rigidity of the plate, T is the elastic tension in the membrane, K is spring stiffness and p 0 is the pressure on the outside surface of the wall due to tension in the muscle, which is assumed to be zero here. The continuity of stress at z=±1±η and using the x-momentum equation yield: 
at 1 z η = ± ± , in which E 1 = ma 3 
The expressions for stream function satisfying Eq. (3) are defined as (u = ∂ψ/∂z, w = -∂ψ/∂x).
Solution of the problem
The solution of Eq. (10) with boundary conditions (5), (6) and (9) is computed by the eigenfunction expansion method and is directly defined as: 
The detailed calculation is given in the appendix.
It is noted that limiting λ 1 →0 results in reversing the present problem to the viscous fluid case. It is also observed from the above analysis that employing β→0 and β→1 reduces the discussed geometry to the twodimensional channel and square duct, respectively.
RESULTS AND DISCUSSIONS
In this section, the effects of different physical parameters of a Jeffrey fluid model on the velocity profile of the fluid under discussion are examined graphically and the trapping phenomenon is also illustrated by plotting streamlines for different pertinent parameters. Figures 2-7 are plotted to see the variation of the velocity profile with the emerging parameters β, λ 1 , E 1 , E 2 , E 3 and E 4 . The streamlines are sketched in Figures 8-13 , which show the flow behavior with various values of all the observing parameters. In Figures 2, 4 and 5, the velocity profile is plotted with different values of the parameters β, E 1 and E 2 . From these figures, we can observe that the magnitude of the velocity profile is a decreasing function of the above three parameters. The effects of different values of the physical parameters λ 1 , E 3 and E 4 are mentioned in Figures 3, 6 and 7. From these plots, it is seen that velocity profile rises directly with increasing the magnitude of λ 1 , E 3 and E 4 . From Figures 2-7, it can also be seen that the velocity attains its maximum value at the centre of the channel and remains symmetric throughout the channel. The streamlines for different values of the emerging parameters are drawn in Figures 8-13 to lookout for the trapping bolus phenomenon. From Figure 8 , it can be seen that number of the trapped bolus is reduced when increasing the value of parameter β. Figure 9 is plotted to show the streamlines with the λ 1 being increased. From this plot, it is clear that the size of the trapping bolus rises with increasing magnitude of λ 1 .
The streamlines for different values of the parameter ϕ are shown in Figure 10 . It is clear from this graph that the number of boluses is decreasing monotonically with increasing ϕ, but the size of the bolus is increasing with ϕ. Figure 11 reveals that the number of trapped boluses is decreasing with E 1 . In Figure 12 , the number of trapped boluses remains unchanged, but increases in size with increasing values of E 2 on the left side of the channel and has the opposite behavior on the other side. The streamlines for E 3 are shown in Figure 13 . It is easy to see from this figure that the boluses decrease in number, but their size changes with the increase of E 3 .
CONCLUDING REMARKS
In the present study, the mathematical and graphical results of the peristaltic flow of a Jeffrey fluid in a compliant rectangular duct were discussed. The governing equations were simplified by employing the long wavelength and low Reynolds number approximations. The resulting equations were then solved by using the method of Eigen function expansion. The following main results were observed:
• The profile of the velocity is decreasing function of the parameters β, E 1 and E 2 .
• The influence of the pertinent parameters λ 1 , E 3 and E 4 is totally opposite to that of β, E 1 and E 2 .
• The fluid flows more rapidly at the central part of the channel.
• The number of boluses is reduced with the increasing effects of the parameters β, ϕ, E 1 and E 3 , while increased in case of λ 1 .
• The size of the bolus changes randomly with the variation of all the physical parameters.
• 
